
Electroweak Symmetry Breaking:
with Dynamics

R. Sekhar Chivukula
Michigan State University
(w/E Simmons, HJ He, N Evans)

Aspen Center for Physics
February 2, 2004



Problems with the Higgs



Technicolor: Higgsless since 1976!

New Models in this decade from Extra D



Technicolor
Limits:

• Model Dependent

• Just Reaching
interesting range!

• Run II & LHC will
extend limits 
substantially

Narain, Womersley, RSC
PDG review



Why worry about EWSB?
Unitarity!



 SU(2)xU(1) @ E4



SU(2)xU(1) @ E2



Massive Gauge Bosons from Extra-D
Gauge Theories

Expand gauge field in eigenmodes, e.g. for S1/Z2:



KK Masses: “Higgs Mechanism”

and choice of Boundary Conditions!



4-D KK Mode Scattering

RSC, H.J. He, D. Dicus

Cancellation of bad
high-energy behavior
due to exchange of
massive vector particles.



No Free Lunch:
Coupled-Channel Analysis



Limit on Number of KK Modes

Consistent with 5-d intuition!



Moral: You can delay unitarity,
but you can’t avoid it!

• gsu(2) ~ 1; could potentially add several vector
mesons and delay unitarity

• Generalizes to a large class of 5-d manifolds
and boundary conditions
(Csaki, Grojean, Murayama, Pilo, Terning)

• Generalizes, in the limit of zero “4d” coupling to
form a unitarization of chiral perturbation theory
(Son and Stephanov in QCD; cf. CWZC 1969)



Simplest TC-inspired Model

Foadi, Gopalkrishna, Schmidt hep-ph/0312324

Carena, Tait, Wagner hep-ph/0207056



Power Counting and Scales
Standard Model Recovered in limit: 

Need moderately strong g5 in order to gain anything!

Just barely OK?



S, again!

INCONSISTENT



Conclusions, Connections and
Speculations

• A fundamental SM Higgs is unnatural,
unattractive, and (so far) unobserved.

• Strong Dynamics/Technicolor provides an elegant
“explanation” for EWSB, but is challenged by
precision electroweak tests.

• Models inspired by gauge theories in 5-d can
accommodate EWSB in a manner reminiscent of
Technicolor -- perhaps too reminiscent!

• QCD Connections: CWZC, unitarized chiral
perturbation theory, “mended symmetries”…


